Background: The population-based mammography screening program (MSP) is aimed to reduce breast cancer mortality, to detect breast cancer at an early stage, and to allow for less invasive treatment. However, it also has some potential harms, such as overdiagnosis and overtreatment. Therefore, it is necessary that women receive sufficient and balanced information to enable informed decision-making. We examined knowledge about benefits and harms of the MSP in Germany among first-time invitees of different socio-demographic backgrounds. Methods: This observational study assessed knowledge about benefits and harms of the MSP among women who were invited to the MSP for the first time by six multiple choice items, using a postal survey. We investigated (i) single items of knowledge, (ii) the distribution of sufficient knowledge stratified by education, migration status and invitation, and (iii) possible determinants of sufficient knowledge by analyzing Odds Ratios (ORs) using bivariate and multivariate logistic regression. Results: In total, 5397 women included in the analyses. 46.1% of the study population had sufficient knowledge about benefits and harms of the MSP. However, women with low educational level and migration background had higher proportions of insufficient knowledge and used most frequently the option "don't know". Women had the most difficulties answering the numeric question and the question about the target group correctly. Results from the logistic regression showed that the odds of having sufficient knowledge were higher among well-educated women (OR 3.84,, among women who already received the MSP invitation (OR 1.38, 95%CI 1.20-1.59) and lowest among Turkish women (OR 0.14, 95%CI 0.07-0.25).
Background
Breast cancer is the most prevalent cancer among women in Germany. In 2014, there were about 69,000 new cases of female breast cancer [1] . Thus, until 2009, the German government implemented a population-based mammography screening program (MSP) to reduce breast cancer mortality, detect breast cancer at an early stage, and allow for less invasive treatment [2, 3] . Women aged 50 to 69 years are invited to receive mammography within a certified program every two years. However, the MSP also has some potential harms, such as overdiagnosis, overtreatment, false-positive and false-negative results [4] [5] [6] . As the harm-benefitconsiderations of the MSP are discussed critically, it is necessary that women receive sufficient and balanced information to enable them to make an individual informed choice [6] , which is based on sufficient knowledge about benefits and harms of the procedure and the personal attitude. Women in Germany receive an information brochure providing information about the procedure, benefits and possible harms of the MSP along with the invitation to the screening [2] . However, previous results from Germany showed that only 27.1% of women who were invited to the MSP for the first time made an informed choice [7] . Overall, knowledge was poor (mean knowledge score 2.81 on a scale from 0 to 7), lower educated and women with a migration background had even lower mean knowledge, with mean knowledge scores of 2.23 and 2.20, respectively [7] .
International studies also showed that knowledge about benefits and harms of the MSP is relatively poor [8] [9] [10] [11] [12] [13] . Women tend to overestimate benefits and underestimate harms of the MSP and women thought that participation would protect them from developing breast cancer [9, 10, 12] . Many studies have shown a positive association between educational level and knowledge about benefits and harms of mammography screening [10, 11, [13] [14] [15] . However, most studies assessed knowledge either in intervention contexts, e.g. testing information sources [8, 16] , or assessed knowledge unrelated to a decision need [9] [10] [11] . Studies about knowledge among migrant women is scarce. There is also a lack of studies about knowledge closely related to the (first) decision. Assessing the knowledge of first time deciders may be especially useful because the decision will not be influenced by habit or previous experience, which is an important factor for their screening decision [17] . Furthermore, detailed analyses on single knowledge items and determinants of knowledge in Germany, especially among vulnerable groups, are scarce. Therefore, this article will focus on knowledge at the time of the first decision for or against participation in the MSP and (i) describe different aspects of knowledge about benefits and harms of the MSP, (ii) describe the distribution of sufficient knowledge stratified by educational level, migration status and invitation, and (iii) analyse possible determinants of sufficient knowledge.
Methods
This article is based on data of the InEMa-study (Informierte Entscheidung zur Teilnahme am MammographieScreening-Programm-study, engl. Informed Choice for Participation in Mammography Screening Programstudy), which is an observational study investigating informed choice among women in Germany who were invited to the population-based MSP for the first time. Data were collected between October 2013 and July 2014 [18] .
Study population
Women were invited to participate in this study one to two months before their 50th birthday, since women also receive the invitation to participate in the populationbased MSP at this time. The target populations' addresses were retrieved from local registry-offices within the area of Westphalia-Lippe, which is part of the federal state of North Rhine-Westphalia, Germany. Women with a Turkish migration background were identified using a namebased approach and received all study materials in German and Turkish. Women with a previous breast cancer diagnosis and who already had participated in the MSP were excluded from analyses, since they were not part of the target population for screening and did not make a decision for the first time.
Variables
Knowledge about benefits and harms of the MSP was the outcome of interest. It was assessed with five context and one numeric question which were created based on previous research [19, 20] . For more details see the study protocol [18] and previous analyses regarding the instrument [21, 22] . Topics covered were (1) screening for people without symptoms, (2 -numeric question) frequency of positive screening results, (3) false-positives, (4) false-negatives, (5) diagnoses with the MSP, and (6) overdiagnosis and overtreatment. All questions were multiple choice questions. A score of 1 indicated a correct answer, a score of 0 an incorrect answer. Missing responses and "don't know" responses were categorized as incorrect. Based on the validation analyses of the knowledge questionnaire which had shown that the discrimination parameters were different between items (Item 1: .256, Item 2: .403, Item 3: .805, Item 4: .812, Item 5: .120, Item 6: .433), a summary index weighted by these discrimination parameters was calculated [22] . Accordingly, the knowledge scale ranged from 0 to 2.8 points. Since there were no agreed criteria for defining sufficient knowledge, the midpoint of the scale was set as the cut-off point according to previous research [19, 20, 23] . Thus, women reaching a score of lower than 1.4 were defined as having "insufficient knowledge" and women with a score of 1.4 to 2.8 were categorized as having "sufficient knowledge" as suggested previously [22] .
Educational level was defined using school degree and years of school education. Women with no degree or at least 9 years of school education were categorized as having low education, 10 or 11 years of education was defined as medium education and women with at least 12 years of education were considered as having high education. Migration status was assessed by asking for country of origin and citizenship. Women were categorized into nonimmigrants, Turkish migrants, resettlers (ethnic German migrants from Eastern European countries with a resettler status) and migrants from other countries. Furthermore, the variable invitation defined whether women already received the invitation for the MSP.
Additionally, family history of breast cancer, advice on mammography by a gynaecologist, previous mammography experience, intention to perform mammography, attitude towards mammography and health insurance status were assessed.
Statistical analyses
Descriptive analysis was performed to characterize the study population and show the distribution of the single knowledge questions stratified by educational level, migration status, and invitation. Logistic regression was used to investigate factors associated with knowledge about benefits and harms of the MSP. First, bivariate logistic regression was performed and Odds Ratios (ORs) with 95% confidence intervals (95%CIs) were calculated to check for significant associations. In a second step, all significant variables were included in a multivariate model. All statistical analyses were performed using SPSS 25.
Results
In total, 17,349 women were invited to the study and 5839 women returned questionnaires and written consent forms (response rate 33.7%). After excluding women who already had a breast cancer diagnosis (n = 179), women who had already participated in the MSP (n = 256), and women who had missing information on any of these variables (n = 15), we finally included 5397 individuals in the analyses. Table 1 presents the distribution of educational level, migration status and invitation within the study population. The majority of the study population were German women (n = 4855, 90%), had a medium educational level (n = 2240, 41.5%), and had received an invitation including an information brochure to the MSP before the study (n = 4113, 76.2%).
Overall, a mean knowledge-score of 1.27 (range 0-2.8) was found among the study population. Table 2 presents the single knowledge items among the study population. Only 15% of women knew that the MSP is aimed at healthy women, and 17.1% correctly assessed the frequency of positive screening results. 67.7% of women knew that there might be false-positive results, and 52.1% knew about the possibility of false-negative results. While 18.9% correctly indicated that women performing mammography screening are more likely to get a diagnosis compared to women not performing the screening, 40% of women knew about the possibility of overdiagnosis and overtreatment.
The results stratified by educational level, migration status and invitation are presented in the Additional file 1. The mean knowledge score and the percentage of correct answers for each question increased with increasing educational level and with received invitation. Non-immigrant women almost always had higher percentages of correct answers, compared to immigrant women but there was great variation among different immigrant groups. The answer option "don't know" was always more frequently used among low-educated and immigrant women. Table 3 shows the distribution of sufficient knowledge by various co-variates and presents crude and adjusted ORs with corresponding 95%CIs and p-values. Overall, 46.1% (n = 2488) of the study population showed sufficient knowledge regarding benefits and harms of the MSP. However, sufficient knowledge varied widely by different study characteristics: among all women with low educational level 24.6% had sufficient knowledge, among those with high educational level 58.3% had sufficient knowledge. Among Turkish migrants the proportion of sufficient knowledge was 8.2% whereas it was 29.1% among the resettler group. Women with a negative attitude towards screening had a higher proportion of sufficient knowledge than women with a postitive attitude (69.9% vs. 44.5%). Educational level, migration status, invitation status, type of health insurance, intention to perform mammography and attitude towards 
Discussion

Main findings
The aim of this paper was to determine knowledge about benefits and possible harmful effects of mammography screening among women eligible for the MSP for the first time. This is, to our knowledge, the first study presenting detailed results about knowledge on benefits and harms of the MSP stratified by educational level and migration status in Germany. The results showed that overall, 46.1% of the participants had sufficient knowledge, however, there are large differences when sufficient knowledge was investigated separated by educational level and migration status. Only 24.6% of women with a low education level had sufficient knowledge. Women with migration background showed great disparities. Only 8.1% of women with a Turkish migration background and about 30% of resettler women and women coming from other countries had sufficient knowledge about benefits and harms of the MSP. Further, type of health insurance, whether women had received the invitation for the MSP participation, intention to undergo mammography and attitude towards the MSP were significantly associated with sufficient knowledge.
Comparison with other studies
These results are in line with findings from previous research that found in general poor knowledge about benefits and harms of the MSP [8] [9] [10] [11] [12] [13] . In contrast, a study from the Netherlands showed much better knowledge scores [15] . An explanation might be that they included more questions about organizational factors, such as compulsory participation which might have been easier to answer than questions about scientific core-concepts such as false-positive or false-negative results or a comparison of indicators compared to women not performing screening as included in this study. Furthermore, knowledge in the Dutch study was measured by yes/no answers rather than by multiple choice options. This needs to be considered when comparing our results to findings from other studies. But in general, as different studies use different definitions and cut-offs, it is difficult to compare the actual knowledge of women. Previous studies have shown that women especially tend to overestimate benefits and to underestimate harms of screening programs [8, 10, 11, 13] . In our study, women underestimated the number of diagnosis within the screening program compared to not performing screening. Further aspects were not numerically assessed. However, almost 70% knew about the possibility of false-positive and about 50% knew about the possibility of false-negative results.
Our results confirm previous international research indicating that poor knowledge is particularly observed among women with a low educational level [10, 11, [13] [14] [15] . The lower chance of having sufficient knowledge about benefits and harms of the MSP among immigrant women might be explained by poorer German language skills. The extremely low odds for sufficient knowledge among Turkish women in this study might be explained by the language of data collection. Providing women with a Turkish questionnaire enabled all women to respond -including women with no or very limited German language skills. Contrastingly, the invitation and the enclosed information brochure of the MSP are only distributed in German (different language versions are available online but are not send by mail, i.e., accessing the Turkish version requires more effort than accessing the German version). Therefore, many Turkish women with rather poor German language skills were able to answer our questionnaire, but were not able to read and understand the information brochure which was sent with the invitation to the MSP.
Especially the numeric question, asking for the breast cancer incidence among MSP participants, showed differences by educational level and migration status. Women with a low educational level and immigrant women, particularly women with a Turkish migration background, responded that they didn't know the correct answer. Numeric questions have also previously been shown to be difficult to answer [8, 13, 14] . Therefore, we did not ask for the correct number but gave (very wide) numeric ranges as answer options. Nonetheless, numeric concepts seem to be difficult to answer for women.
Another explanation for poor knowledge about benefits and harms of the MSP might be low level of health literacy. Especially migrants and persons of low educational level have been shown to perceive more difficulties in processing health information [24] . However, we did not assess health literacy in this study.
We also observed higher odds of having sufficient knowledge when women had received an invitation to the MSP. Thus, the information included in the accompanying brochure seemed to increase women's knowledge about the procedure, benefits and harms of the MSP. However, it is also possible that women have higher motivation to gather information about benefits and harms after receiving the invitation to the MSP itself because they are aware of the procedure and prompted to make a choice. Our results showed a lower proportion of correct answers, compared to an evaluation study of the German information brochure [11] . However, this may be explained by a different study procedure. Whereas women in the trial received questionnaire and brochure together, knowledge in our study was measured after women received the brochure and some time to contemplate their decision and access additional information about the MSP. Since we didn't ask the study participants whether they had read and understood the information brochure, we cannot differentiate whether the positive impact of the invitation letter was due to the information brochure itself or due to the fact that women needed to make a decision.
Strengths and limitations
A strength of our study is that the questionnaire was sent at about the same time as the invitation letter and measured knowledge in a realistic and not a trial context. Marteau and colleagues [19] noted that knowledge should be measured before the choice of (non-)participation is made. Furthermore, it is known that habit is an important factor for screening behavior [17] . Thus, knowledge at the time of the first decision is especially important. In addition, we were able to identify Turkish women based on a name-based algorithm and to send them the questionnaire in German and Turkish. To our knowledge, this is the first study investigating knowledge about benefits and harms of the MSP separated by migration status.
One limitation of this study is that women with a low educational level and women with a migration background were underrepresented. Thus, knowledge in our study is likely to be overestimated. Furthermore, immigrant women with poor German language skills, except for women with a Turkish migration background, might not have been able to respond since the questionnaire was only distributed in German and Turkish language. This would also have led to an overestimation of knowledge among immigrant women. Furthermore, we decided to use the mid-point of the knowledge scale to define sufficient knowledge as there are no clear guidelines as to what constitutes sufficient knowledge. This was already performed in previous studies [19, 20, 23] , but may, however, be debatable.
Conclusions and implications
To conclude, knowledge about benefits and harms of the MSP strongly differs by educational level and migration status. Especially women with a low educational level and immigrant women showed much lower chances for sufficient knowledge. Based on numerous critiques about the information brochure in Germany and requests that the information should be written in an easily understandable language [25] , it has been revised in 2017 [26] , thus, knowledge may have improved. It needs to be further evaluated, whether the new information brochure enables women, and especially women with low educational level and migration background, to have sufficient knowledge about benefits and harms of the MSP to enable them to make an informed choice for or against participation in the screening. A positive test result and a following diagnosis of breast cancer is oppressive and scary and might affect the mental and emotional health of women. Therefore, it is especially important that women know beforehand that a positive test result does not imply that it is breast cancer and that the possibility of an overdiagnosis is given. Furthermore, future research should explore standardized criteria of sufficient knowledge.
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